Abstract-This paper develops a model of intrahousehold allocation with endogenous fertility, which captures the relationship between birth order and investment in children. It shows that a birth order effect in intrahousehold allocation can arise even without assumptions about parental preferences for specific birth orders of children or genetic endowments varying by birth order. The important contribution is that fertility is treated as endogenous, a possibility that other models of intrahousehold allocation have ignored. The implications of the model are that children with higher birth orders (that is, who are born later) have an advantage over siblings with lower birth orders, and that parents who are inequality-averse will not have more than one child. The model furthermore shows that not taking account of the endogeneity of fertility when analyzing intrahousehold allocation may seriously bias the results. The effects of a child's birth order on its human capital accumulation are analyzed using a longitudinal data set from the Philippines that covers a very long period. We examine the effects of birth order on both number of hours in school during education and completed education. The results for both are consistent with the predictions of the model.
I. Introduction
P ARENTS' decisions about their children's education affect not only the children's current well-being but also their future prospects. Uncovering how these decisions are made and what factors influence them has been an active research area in economics for many years. The focus has so far been on using differences between families to explain variations in the educational attainment of children. Though this approach can explain a significant portion of human resource investments, it ignores the role that intrahousehold allocation plays. A simple variance analysis of educational attainment of children from the Laguna Province in the Philippines 1 shows that the differences between families account for 49% of the total variation in completed education. Hence, although the interhousehold variation is clearly important, there is considerable variation within families.
Hence, one cannot satisfactorily examine human resource investments without analyzing how resources are allocated within the family. Increasing emphasis is therefore being placed on how parents distribute their resources among children. 2 One factor that has received relatively little attention is the effect of birth order on the allocation of resources. Only four published papers focus explicitly on the effects of birth order in developing countries. Birdsall (1979 Birdsall ( , 1991 analyses the effect of birth order on educational attainment of children in urban Columbia. Behrman (1988b) studies the effects on child health and nutritional intake, with special attention to the effects of seasonality, using the Indian ICRISAT data. Horton (1988) also looks at children's nutritional status but uses data from the Bicol region of the Philippines. 3 We analyze the relationship between intrahousehold allocation and birth order by using a model of intrahousehold allocation with endogenous fertility, and present evidence on the effects of birth order on intrahousehold allocation in a developing country.
The plan of the paper is as follows. In section II different explanations for a birth order effect are discussed. Section III presents a model of intrahousehold distribution with endogenous fertility. Section IV provides a brief description of the data set and the area in which it was collected, and discusses the explanatory variables. In section V the effects of birth order on completed education are estimated; in section VI its effects on time allocation are analyzed. Finally, section VII draws conclusions from the findings and suggests areas for future research.
II. Review of the Literature
Researchers have suggested a number of potential reasons for the existence of birth order effects. The explanations can be divided into four categories: constraints, household environment, biological effects, and cultural effects. We provide a brief overview of these in this section.
The idea behind the constraint explanation is that parents are faced with time or financial constraints over the life cycle, making it impossible to equalize resources over children. In Birdsall (1991) the basic idea is that a mother's time cannot be transferred across periods, which can lead to birth order effects if the amount of time a child spends with its mother is a significant determinant of its human capital. Birdsall's results indicate that there are, indeed, no significant birth order effects for working mothers, who supposedly are not time-constrained because they have time enough to work; but there are effects for mothers not in the labor force. Generally, if there is a constraint, first-born and last-born children will benefit because they spend more time in smaller families than the middle-borns. Parish and Willis (1993) note, however, that if parents' earnings increase over their life cycle, this may favor later-borns over earlier-borns. It is also possible that a resource constraint could lead to older children entering the labor market earlier, thereby increasing the available resources for the younger children. 4 In the household environment explanation, the number and age of children directly affect outcomes. It has, for example, been hypothesized that the intellectual environment is an important determinant of children's education (Zajonc, 1976) . If that is the case, children of lower birth orders will have an advantage in that they reside in households with higher average education or IQ. 5 Though this effect is likely to be most important for the oldest children, it will also tend to place the youngest children in a better position than the middle-borns.
Biology may also create a birth order effect. One possible example is maternal depletion. Children of higher birth order naturally have older mothers, and older mothers tend to have children of lower birth weight. This would again tend to give the oldest children an advantage (Behrman, 1988b) . Countering this biological disadvantage of the laterborns is the fact that the mother gains experience in child care with each child. There is, however, also a tendency for the first-born to be of lower birth weight.
Finally, birth order effects may also arise from cultural factors or preferences of the parents. An example, mentioned in Horton (1988) , is the possibility that the oldest son is important in funeral rites. Another potential reason is the need for security in old age. Because the oldest children become economically independent first, they may be favored.
In our model the way that parents choose the number of children leads to a birth order effect, even in the absence of any of the explanations above. If all parents were forced to have the same number of children, the model predicts that the educational attainment of these children would be the same, on average, and hence there would be no birth order effect.
III. A Model of Intrahousehold Allocation
Despite the attention that intrahousehold allocation has received in the literature, there has been little attempt at integrating models of fertility with models of intrahousehold allocation (Behrman, 1997, p. 128, footnote 7) . This is especially problematic when analyzing the relationship between intrahousehold allocation and birth order, for birth order is the realization of the parents' fertility decisions. Hence, this section presents a model of intrahousehold allocation of resources with endogenous fertility. Contrary to previous models of intrahousehold allocation, such as Behrman (1988b) and Birdsall (1991) , the number of children is endogenously determined by parents, who take into account their budget constraint, the genetic endowments of existing children, and their expectations about the genetic endowments of possible future children. We also assume that the endowments of children and parental preferences are unrelated to birth order. Still, it is possible to draw strong implications about the relation between the number of children, their birth order, and intrahousehold allocation.
To make the model tractable we assume that investment in children can only take place through human capital accumulation. The analysis of intrahousehold allocation is often cast in terms of two special cases, the wealth model suggested by Becker and Tomes (1976) and the separable earnings transfers (SET) model proposed by Behrman, Pollak, and Taubman (1982) . Both of the models include two forms of intergenerational transfers (human capital investments and direct transfers), but in the wealth model parents care only about the total wealth (income plus transfers) of their children, whereas the SET model assumes that income and transfers are separable in the parents' utility function. The main difference between the outcomes is that the wealth model predicts that parents will always reinforce the genetic endowments of their children, whereas in the SET model parents may either reinforce, compensate, or be neutral. 6 In spirit our model is closest to the SET model, in that parents have only one way of transferring resources to their children and hence can be thought of as having separable preferences between human capital and transfers, and may either compensate, reinforce, or be neutral with respect to their children's endowments. 7 Indeed, the model is based on and uses the same functional form as Behrman (1988b) , who also assumes only one mechanism of transfers. Finally, the model assumes that there is no feedback, of the kind suggested by Zajonc (1976) , between children through learning or changes in the budget constraint.
Each child is born with a genetic endowment G i (discussed below), which, together with the schooling input S i , determines the human capital outcome of the child. The human capital production function is quasi-Cobb-Douglas,
with diminishing marginal returns to schooling (␣ Ͻ 1). Parents derive utility from their n children's human capital H i , i ϭ 1, . . ., n, and from other outcomes, such as parental consumption. The parents' utility function is separable between these two outcomes, and the subutility function for the children's human capital is CES,
4 For an example see Emerson and Souza (2002) . A similar effect can be also found if older children have a comparative advantage over younger children in taking care of other children, as suggested by Edmonds (2002) .
5 Zajonc (1976) also discusses the effects of older children learning from teaching younger siblings and the role of spacing between siblings. 6 See, however, the discussions of the models in Becker (1991) , Behrman, Pollak, and Taubman (1995), and Behrman (1997) . 7 An alternative is to assume that parents care about their children's consumption but are unable to transfer resources later in life through, for example, bequests. This is the approach used by Horowitz and Wang (2004) , who present a model of schooling and child labor with heterogeneous children, although it does not allow for endogenous fertility.
The parents' inequality aversion is given by c, with a higher c indicating that parents are less averse to inequality. The parameters a 1 , . . ., a n reflect the weights parents place on each child's human capital. To simplify the discussion we assume that parents place equal weight on all children. 8 Hence, a birth order effect cannot arise from different weights being given to children of different birth orders.
The amount of income allocated to children, R, is constant. There is a fixed cost, k, of having a child, and p s is the price of the schooling input. Hence, the budget constraint is given by
A. Genetic Endowments
An important aspect of the model is the genetic endowments of children. This subsection discusses how they are observed and how parents form expectations about future children's endowments. The next subsection then looks at how parents decide on fertility.
Genetic endowments encompass a wide variety of different characteristics, some easily observed, others not. The most easily observed, both by parents and researchers, is the child's sex or other physical characteristics, such as stature. More difficult to observe is a child's resistance to illness, its ability to convert calorie intake into body mass, 9 or its innate abilities or talents.
The genetic endowments discussed above will all affect the return to investing in a child. If human capital is determined by physical strength, as would be the case in a rural underdeveloped economy, a child that grows more for a given input than other children will have a higher return. Hence, even though we have cast the discussion here in terms of human capital and schooling input, the model can be applied to any indicator that parents care about and for which the genetic endowments of the child matter.
The discussion of what genetic endowments are leads us to how parents observe them, or rather how soon they are observed. We assume that parents form an opinion about the genetic endowments of a child early in its life. Parents are able to observe the genetic endowments of their present children, but not their future children. We assume that the parents in family f know the distribution of the genetic endowments of their unborn children of birth order i and that it is given by
where m i is the mean and i 2 is the variance. Furthermore, the density function for G f is g f . This distribution can vary from family to family and by birth order, but for simplicity we will assume that it does not. 10 The sex of a child is a good example. Before birth the sex is not known, and parents without prior information will expect a slightly higher probability of having a boy than a girl. 11 After birth, however, the sex is easily observed. It is possible that parents update their expectations with each child, but we will not explore that possibility here.
B. Parents' Decision on Fertility
Parents decide on fertility sequentially; that is, they decide whether to have a child, observe the genetic endowments of the child, and then decide whether to have an additional child, and so on. Because we are mainly interested in the relation between fertility and intrahousehold allocation of resources, we focus on the final outcome and assume that the distribution of human capital inputs takes place after the fertility decisions are completed. This is not a serious problem if the majority of the differential investments in children are made after the fertility spell is completed.
As shown in the Appendix, one can derive an optimal stopping rule, which is that parents with n children will not have additional children if
The implications of this stopping rule depend on the value of c. We consider three special cases. If c Ͼ 0, parents who have children with higher than expected genetic endowments will stop having children earlier than parents who have children with lower than expected genetic endowments. Say a family has two children with average genetic endowments. If they decide to have a third child and that child has a high genetic endowment, then they are more likely to stop than a similar family that had a third child with low or average endowment. What follows is a birth order effect where the last child tends to do best because parents chose their fertility taking into account the genetic endowment of their children and having a high-ability child makes it more likely that they will have no more children. Notice that this result in no way depends on having different characteristics for children of different birth orders. 12 The second case is where parents' preferences are quasiCobb-Douglas, which will arise when c 3 0. Section 1 of the Appendix shows that parents will then distribute their resources equally among their children and that the genetic endowment of existing children does not matter when deciding on whether to have an additional child. Hence, the model is then equal to a simplified version of the standard household model of fertility where all children are assumed to be given the same amount of resources. Human capital outcomes will, of course, vary within the household because the children have different endowments, but because the amount of resources given to each child is the same and genetic endowments are independent of birth order, we will not see any birth order effects.
The third case is when c Ͻ 0, which we will call the inequality-averse case. If parents have more than one child, they will distribute more resources toward children with low endowments to compensate them. 13 As shown in Section 2 of the Appendix, however, it will never be optimal to have more than one child. Hence, parents who are inequalityaverse will only have one child. 14
C. Simulation Study
We examine the influence of inequality aversion, cost of children, and resources using simulation studies. All simulations are based on 2,000 households, and the genetic endowments of the children follow a uniform discrete distribution between 1 and 99. For Tables 1 and 2 each household has 100 units of resources (R ϭ 100), the fixed cost of a child is 10 units (k ϭ 10), and ␣ ϭ 0.9. Table 1 shows how average schooling depends on family size and birth order for a fixed inequality aversion (c ϭ 0.75). The results illustrate three important features of the model. First, inputs of schooling per child decrease with increasing family size. Second, the last born receives, in general, the most schooling inputs, although in two-child families there is almost no difference between the two children. Third, the average schooling input decreases with (absolute) birth order, because the effect of increasing family size dominates the effect of being last born. 15 This suggests that not taking account of fertility would lead one to find a significant negative birth order effect, which is the opposite result to the correct one.
In Table 2 we report fertility, average schooling inputs, and human capital per child. We also report the difference between the first and the last child's schooling inputs and human capital for families with at least two children. The difference between last and first born is used as a measure of birth order effects. The simulations are done for c ϭ 0.25, 0.5, 0.75, and 1. These values are chosen because they lie in the range of the estimates reported in Behrman (1988b) . Table 2 shows that increasing c leads to a decline in fertility and increases in schooling inputs and human capital per child. Furthermore, the results also indicate that birth order effects become more pronounced with increasing c. Although there is almost no birth order effect when c ϭ 12 It is even possible to show that a birth order of the kind described here can arise if the mean endowment decreases with increasing birth order.
13 A special case of this is Rawlsian preferences, when c ϭ Ϫϱ and the parents' utility function becomes a Leontief function. In that case parents care only about the child with the least human capital.
14 This result has an interesting implication for empirical analyses that aim to estimate parental inequality aversion, such Behrman, Pollak, and Taubman (1982, 1986) , , and Behrman (1988a,b) . It is standard in these studies to leave out one-child families when estimating inequality aversion, but if parents' fertility decisions are based on their inequality aversion, this will tend to bias the results toward the pure-investment case (where c ϭ 1). Hence, the claim in Behrman (1997) that there will no selectivity bias from restricting a sample to families with at least two children does not necessarily hold. 15 See the "Average Input" column in table 1. Note. 2,000 households with R ϭ 100, k ϭ 10, and ␣ ϭ 0.9. Note. 2,000 households with R ϭ 100, k ϭ 10, ␣ ϭ 0.9, and c ϭ 0.75.
0.25, the pure investment case leads to a difference between the last and first born of approximately 1.7 times the average schooling input. Finally, comparing schooling inputs and human capital shows that the birth order effect appears more pronounced in human capital than in schooling inputs. Finally, table 3 presents summary statistics for different resource and cost combinations. The simulations are again based on 2,000 households with ␣ ϭ 0.9, and the inequality aversion is fixed at c ϭ 0.75. The cost of children is either k ϭ 10 or k ϭ 20, and the amounts of resources are R ϭ 80, R ϭ 100, and R ϭ 120. All combinations of cost and resources are shown.
Increasing R leads to higher fertility; its effects on mean human capital and the measures of differences are ambiguous. The effects of increasing k are a reduction in fertility and an increase in average education. Provided that the fixed cost of children increases faster than the total amount of resources devoted to children, these results are consistent with the observed development in fertility. This would be the case if the main cost of having a child were the time the mother spends not working. The effect of cost of children or resources on the size of the birth order effect is ambiguous.
In summary, the model shows that a birth order effect in intrahousehold allocation can arise even without assumptions about parental preferences for specific-birth-order children or genetic endowments varying by birth order. The important contribution is that fertility is treated as endogenous, something that other models of intrahousehold allocation have failed to do despite the large literature on determinants of fertility (see, for example, Schultz, 1997 ). In the model there are no inherent preferences for first-or earlier-born, but the prediction is that children with higher birth orders have an advantage over siblings of lower birth orders. The model furthermore shows that not taking account of fertility when analyzing intrahousehold allocation may seriously bias the results.
IV. Data
The data used here are from the Laguna Multipurpose Household Surveys. 16 The first survey took place in 1975, and since then resurveys have taken place in 1977, 1982, 1985, 1990, 1992 , and 1998 on a progressively smaller number of households using almost the same questionnaire. Unfortunately, the 1975 survey round is unavailable, and time allocation data were not collected for the 1998 resurvey. The 1998 survey does, however, allow us to study the completed education of the children of the household followed throughout the first five waves. The background for the original survey is described in Evenson (1978a, Appendix) and Evenson, Popkin, and Quizon (1980) . 17 The Laguna Province, located south of Manila, covers an area of 1,759 km 2 , and had a population of 803,750 in 1975 with a growth rate of 2.8% (see Ho, 1979) . It is bounded on the north by the province of Rizal, on the east by Quezon, on the west by Cavite, and on the south by Batangas. Although Laguna is an inland province, it does have a big fresh-water lake (Laguna de Bay) that constitutes most of the province's northern border. Approximately 80% of the total area of the province-which mainly consists of plains, with some elevated area in the northeast-is used for agriculture, and water supplies are reliable and abundant in most parts.
In 1975 the shortest distance between the province and Manila was approximately 30 km. During the survey period Manila has expanded so that some areas in the northern part of the province are now within Manila's urban zone. This proximity to Manila, together with the fact that it is home to the country's largest agricultural college and the International Rice Research Institute (IRRI), as well as having fertile land, explains why Laguna is one of the more developed provinces in the Philippines. The surveyed households are located in 20 different communities, also known as barangays.
The educational system in the Philippines consists of elementary schools with six grades, 18 high schools with four grades, colleges with either four or five years of education, and finally postgraduate study. There is mandatory schooling from the first academic year after a child reaches age seven and until completion of elementary education, that is, until the child is approximately thirteen years old. Most of the elementary schools are public and tuition-free, but secondary schools and colleges are mostly private.
A. Variables
We analyze two aspects of human capital investment: completed education and time spent on school activities. 19 16 The survey is also called several other things, such as the Laguna Household Studies Project or the Laguna Household Economics Survey.
17 Evenson (1978a) contains a collection of 13 papers using data from the Laguna Province. Other works using data from the Laguna Province include King and Evenson (1983) , Evenson (1978b Evenson ( , 1994 Evenson ( , 1996 , and Rosenzweig and Wolpin (1986) .
18 Some private schools do have a seventh-grade elementary class, but if a respondent has more than elementary school education, it is not indicated whether he received 6 or 7 years of elementary schooling. 19 As mentioned above, there may also be other types of transfers between parents and children, such as direct transfers or bequests. We unfortunately do not have data on these other transfers and therefore focus Note. 2,000 households with c ϭ 0.75 and ␣ ϭ 0.9.
Educational attainment is measured in years. An additional year is added if a college degree is completed; that is, four years of college education with a degree is equivalent to five years of college education without a degree. 20 Postgraduate study and postgraduate study with a degree are equivalent to seventeen and eighteen years of education, respectively. The key explanatory variable in this study is the birth order. Because economic theory provides little guidance on suitable measures, the choice is somewhat ad hoc. 21 The absolute birth order is the most natural candidate and is the first measure we use. The main problem with using the absolute birth order is that most of the variation will be due to larger families. We therefore also employ a measure of relative birth order. This is constructed so that the firstborn's relative birth order equals 0 and the last-born's equals 1, and it is defined as p Ϫ 1 n Ϫ 1 , where p is the birth order and n the number of children in the family. Other approaches have also been considered, and we will return to this issue in the following two sections. The choice of the remaining explanatory variables is dictated partly by the model and partly by the availability of information in the surveys. In addition to birth order, individual-specific information about the sex and age of the children is included. 22 The household-specific information covers the education of the mother and the father and the value of the household's landholdings (in units of 10 million pesos). The education of the mother serves as a proxy for the cost of children, because it is mainly the mother's time that is used giving birth to and rearing the children and increasing education leads to a higher opportunity cost of time. Because the father's time is generally not involved to any great extent in the rearing of children, his education can be viewed as having a pure income effect on the demand for children and human capital. Some parents have received vocational training, which is assumed to be equivalent to 10 years of education. The value of the household's landholding is expected to both increase the income of the household and reduce the cost of children (because they can work on the land). 23 Summary statistics are provided in table 4, and the average education by birth order is shown in table 5.
With only limited information about the household, we are not able to control for all household characteristics. This is a problem, because birth order, which is a measure of fertility, is likely to be correlated with unobservable characteristics of the household, leading to biased results. We solve this problem by using household fixed effects. The main drawback of this approach is that it is not possible to directly include variables that do not vary between children of the same household. It is, however, possible to control for interactions between birth order and these variables, which we do. Hence, we are able to determine whether or not the birth order effect becomes more or less important with parental education and landholdings.
V. Completed Education
This section examines the effect of birth order on completed education. First, various issues concerning the data are discussed. Second, the estimation strategy is examined. Finally, the results are presented.
The data used in this section are from the last wave of the survey. The data were collected in 1998, when most of the children were adults and had completed their education. We on human capital investments. Because most of the households are not wealthy and do not have much land (only 23% have any land, and average landholdings for those are less than 1 acre), we expect that the most substantial transfer of resources from parents to children takes place through human capital investment. Quisumbing (1994) examines human capital investments and other intergenerational transfers in another area of the Philippines. 20 The results are virtually identical for other measures of completed education, among them actual number of years in school and whether a child has passed certain levels, such as secondary. 21 The four papers mentioned in the Introduction all use different measures of birth order. Horton (1988) uses the absolute birth order of each child, with the first-born child given a birth order of 0. Behrman (1988b) does not have information about the absolute birth order of the children in his sample and therefore uses the relative birth order between pairs of children. Finally, Birdsall (1991) employs dummies for first-and last-born children. 22 We return to the reason for including age and the interpretation of its effect in the next section. 23 An alternative interpretation is discussed below. exclude four households because there is no information about one or both of the parents' education, and one household with only one child. The final sample size is 817 children between 8 and 53 years of age from 125 households. Of these children, 427 are boys (52%), and they have an average education of 8.3 years. The average length of schooling of the 390 girls is 9.5 years. This is significantly higher than that of the boys. In the 1998 sample 98 (or 12%) of the children were still in school. Finally, the average number of children per household is 6.6. 24
A. A Censored Ordered Conditional Logit Model
Because educational attainment is inherently a discrete variable, an ordered logit or an ordered probit model is often used (see, for example, King & Lillard, 1987) . A potential problem is, however, that some children are still in school. This can lead to biased estimates if one does not take into account that these children will most likely have a higher education than the one currently attributed to them. We therefore extend the standard ordered logit model to allow for unobserved household specific effects and censoring. Let k be a given level of education, and K its maximum level. To estimate an ordered logit with fixed effects, we transform the model into K different logit models using the continuation regression model (see Andersen, 1997, pp. 188-190) . The estimation is performed in two steps. First, we estimate the parameters ␤ (k) using the conditional logit approach. Second, we use minimum distance to obtain a combined estimate of ␤.
Let y ij be the final educational attainment of child i in household j, where y ij ʦ {0, . . . , K}. Final education is generated by a latent variable y* ij :
The latent variable is determined by y* ij ϭ x it ␤ (k) ϩ j ϩ ε ij , where the vector x ij includes the explanatory variables, j is a household-specific effect, and ε ij is the error term. The cumulative distribution function of ε ij conditioned on x ij and j , is given by F͑z͒ ϭ exp͑z͒ 1 ϩ exp͑z͒ .
Let s ij k be a binary variable, equal to 1 if y ij Յ k and 0 otherwise. These K variables s ij 0 , . . . , s ij KϪ1 follow logit models where
The advantage of using the s-variables is that it is possible to obtain a consistent estimate of ␤ (k) in a logit model by using conditional maximum likelihood estimation (see Chamberlain, 1980 , or Andersen, 1973 .
In the second step we use minimum-distance estimation to obtain one estimate of ␤. Let ␦ be a vector of the K different estimates of ␤ such that ␦ ϭ (␤ (0) Ј, . . . , ␤ (K Ϫ 1) Ј)Ј. A new estimate of ␤ is found by minimizing
where K is a K-vector consisting of 1's, and W is a positive definite matrix. The covariance matrix of ␤ is given by
Ejrnaes and Pörtner (2002) show how to derive the covariance matrix for ␦.
The problem with censoring is that it may introduce bias, in that the children who are censored are also those who are likely to receive the most education. Fortunately, because we know if a child is still enrolled in school, we have a clear indication of which observations are censored. We deal with censoring by limiting the sample for each logit model so that only observations that cannot be censored are used in the estimation. The underlying idea is that children older than 23 cannot be censored, because the maximum education (16 years) will have been obtained at that age, because schooling begins at age 7 (23 ϭ 7 ϩ 16). Similarly, if we consider the probability of receiving 15 years of education, no children aged 22 years or more be censored. This implies that we can estimate ␤ (k) using only the subsample containing children aged more than 7 ϩ k. Because we base the selection of the sample on an exogenous variable, age, this method will not lead to sample selection bias and solves the censoring problem.
B. Birth Order Effects and Completed Education
We estimate the effect of birth order using the explanatory variables discussed in section IV and the method just described. 25 The results are presented in table 6. 26 Columns (1) and (2) use absolute birth order; columns (3) and (4) use relative birth order.
Columns (1) and (3) show a simple specification where we control for the sex, year of birth, and birth order of the child. Both the absolute and the relative birth order have positive and very significant effects on completed education. It appears to be an advantage to be born as one of the later children. Because this is the opposite of what most previous studies of birth order have found, we have also tried other specifications. We tried a quadratic term for birth order, a dummy for being the first-born child together with the linear birth order term, dummies for being among the first third and the second third of the children, and various other specifications. None of these extra terms turned out to be significant.
To examine whether the birth order effect is related to other observable characteristics of the household, we interact birth order with the educational attainment of the mother and the father, a dummy for being a girl, and the value of landholdings. For both absolute and relative birth order there is a negative effect of parental education interacted with birth order. This effect eliminates the birth order effect for parents with high school education (10 years) and above.
The effect of landholdings of the household is opposite to that of parental education. There is a positive and significant effect of the value of a household's landholding, so that the birth order effect is more pronounced in families with more valuable landholdings. One explanation for this behavior may be that the parents are trying to compensate later-born children who are presumably less likely to inherit the land than their older siblings. 27 Another, related explanation is that parents follow an efficient investment strategy. That would be the case if the return to education for farmers were lower than that of other jobs after a certain level of education is achieved.
To investigate if birth order effects are more pronounced for girls than for boys, we interact birth order and a dummy for being a girl. The interaction term is positive but insignificant in the specification with relative birth order, but significant and negative, although small, for absolute birth order. This indicates that birth order effects are less important for girls than for boys.
In all columns there is a positive and significant effect of being a girl on completed schooling. Though this may appear to be the opposite of what most people expect for developing countries, there are a substantial number of developing countries where this pattern can be found. 28 One potential reason for the difference is that the return to women's education is higher because it is mostly women who migrate abroad to work. Though it is beyond the scope of this study to examine this and other potential reasons, it is definitely an area worthy of further research.
One might imagine that what appears to be a birth order effect could simply be a cohort effect. This would be the case if the schooling system improved over time. The younger siblings would then find themselves with better schooling and easier access to education, which could lead to the results presented above. We have therefore included the year of birth of the child as a control. It is surprising that the effect is negative and significant, although it is quite small. In an extreme example with a family with two children, born 10 years apart, the total effect from year of birth would only be one-tenth of the birth order effect using the relative birth order estimates. This is confirmed by estimating the models without the year-of-birth variable, in which case the birth order effects are slightly smaller but still very significant.
There are two possible explanations for the negative effect of birth cohort. First, it might be that the access to and quality of schooling have decreased over the years, although that appears unlikely. Second, the year of birth captures not only the cohort effect, but also the effect of the mother's age when giving birth, because the fixed-effect estimation means that we only consider differences from the household means. One way of looking at this difference from the mean is that it represents the spacing between children: A child who is much further away from his siblings in age is likely 27 Quisumbing (1994) examines the relation between landholdings and transfers in the Philippines, although in a different area than the one used in this paper. 28 As discussed in Behrman, Duryea, and Székely (1999, p. 10) , in two-thirds of the analyzed countries in Latin America and the Caribbean the educational level is higher for girls than for boys for the cohort born in 1970. For South Africa the schooling is approximately equal for boys and girls (Anderson, Case, & Lam, 2001; Lam, 1999) . Note. Standard errors in parentheses. * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
to be provided with more resources, and this may, to some extent, counter the birth order effect.
VI. Time in School
The completed education of an individual is the final outcome of a number of different factors such as time spent in school, the quality of the school, the support of the family, the abilities of the child, and so on. Because parents do not control all these factors, they can only influence the final education to a certain extent. Hence, we look at the effects of birth order on the time spent in school and on studying, because we suspect that parents are able to control more directly the time in school of their children. It is, however, not obvious that birth order effects should be stronger in time spent in school than in completed education, because time in school is only one of the inputs.
The data used in this part of the paper are based on surveys conducted in 1982, 1985, 1990, and 1992 . The data contain information about how many hours each child spent in school and about other school activities in the particular week when the survey was conducted. 29 For the analyses of time spent in school we limit the sample to include only children aged 7 to 18. The sample contains 1,122 observations from 226 different households.
A. A Sample Selection Model
A potential problem when analyzing time in school is sample selection, in that not all children attend school. A frequently used method for estimation in sample selection models is the Heckman (1979) two-step estimator. This estimation technique cannot, however, be applied directly when fixed effects are present. The problem is that the Heckman procedure requires a consistent estimate of the parameters associated with the binary variable, and estimating these parameters in a fixed-effects model may lead to inconsistent estimates if the number of time periods is small. 30 Kyriazidou (1997) proposes a method to estimate sample selection models for panel data with fixed effects. Although this method is developed for models with individual fixed effects rather than household-specific fixed effects, the methodology can easily be modified to cover the better framework (Ejrnaes & Pörtner, 2002) .
A crucial assumption is that at least one of the variables determining the participation process does not enter the equation for hours. Because the mandatory schooling is from age 7 to completing elementary school, normally at age 12, we expect a dummy variable for children aged 7 to 12 to be a good predictor of participation. 31 Furthermore, we assume that this variable does not affect the time spent on school activities. Using this variable as an exclusive restriction, we are able to estimate the model.
B. The Estimation Results
Except for the dummy variable of being older than mandatory school age, we use the same explanatory variables for both participation and time in school, and the same measures of birth order as in the previous analyses. A potential problem is households with incomplete fertility spells, for their presence can lead to biased estimates of the birth order effect. This is most likely when using the relative birth order, for in that case the child categorized as last born would not really be the last child. We tried both the number of children in the household for each year and the completed fertility measured in 1998 when computing the relative birth order. We do not, however, find any significant differences in the results, and because using the 1998 fertility data restricts the sample size, we use the current household size. In addition to the explanatory variable used for the analysis of completed education, we include age and age squared to control for the changes in the amount of schooling over age. 32 The estimation results are reported in tables 7 and 8.
Examining the results of the participation in school, we find very few variables are significant. The most significant variables are the age variables, indicating a strong age pattern in the participation. The effect of birth order is not significant in any of the analyses. Thus birth order seems less important for participation in school.
With regard to the results for the number of hours, the evidence is mixed. For the specifications using relative birth order, the birth order variable is not significant in the model with interactions, although two of the interaction variables are. We concentrate on the specifications using absolute birth order, which show strong and positive birth order effects. The only interaction term that has a significant effect is the interaction with the girl dummy. This negative effect is consistent with the results for completed education, implying that birth order effects are less important for girls. Year of birth has a positive and significant effect on the hours spent in school. This result is in contrast to the result found for completed education.
To sum up, the result for participation and hours of work are less clear than for completed education. We find weaker evidence for birth order effects in participation and in most of the specifications of hours of school than in completed education. However, the results seem to be consistent with the fact that last-borns spend more time in school.
VII. Conclusion
To our knowledge there has so far been no attempt to combine intrahousehold allocation and fertility decisions in 29 Information on time allocation is only available if the child is still living at home. 30 The inconsistency in a logit model with fixed effects is discussed in Anderson (1973) and Chamberlain (1980) . 31 The fraction participating in school drops by approximately 15 percentage points between 12 and 13 years of age. 32 Other functions of age have been tried, but the results for the remaining parameters are essentially unaffected. one model. This is especially problematic when analyzing the effects of birth order on intrahousehold allocation, for birth order is the realization of fertility. We show, using a model of intrahousehold allocation with endogenous fertility, that birth order effects can arise even without parents having stronger preferences for children with specific birth order or the endowments of the children being related to birth order. The model shows that parents tend to favor the last-born children and that it is of great importance to treat fertility correctly when estimating intrahousehold allocation. Furthermore the model provides a possible explanation for why compensatory behavior has not been observed, in that the model predicts that parents who are inequalityaverse will only have one child.
Using a longitudinal data set from the Philippines, we find strong evidence for a birth order effect in both completed education and time spent on school activities. The results show that the last-born children receive more education than their earlier-born siblings. Furthermore, we find that the effect of birth order is less pronounced in families where the parents have more education, but it is stronger in families holding land. The findings are consistent with the predictions of the model, although they do not constitute a direct test of it. 33 This paper gives rise to a number of interesting questions that deserve more attention. First, the reason for the large difference between the length of boys' and girls' education should be analyzed in more depth. Second, we have suggested possible reasons for the strong effect of landholdings, but without further analysis it is not possible to provide a 33 One possible way to test the model directly would be to estimate whether birth order effects exist in aptitude test scores (in the hope that these measure innate ability). Standard errors in parentheses. * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level. † Number of hours spent in school by children aged 7 to 18. completely satisfactory answer. One possible beneficial approach is to look at patterns of inheritance as suggested in this paper.
